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1 FLUIDIZED CALCINING PROCESS 

BACKGROUND OF THE INVENTION 

5 Field; This invention relates to the field of 

chemical engineering, and particularly to the heating of 
chemical materials. More particularly, the invention 
pertains to calcination processes requiring heat transfer 
under temperature controlled conditions. 

10 

State of the Art; The thermal processing of 
various ores and other inorganic and organic materials 
often utilizes a stream of hot flue gas as a source of 
enthalpy. The flue gas is generally formed by combusting 
15 natural gas, coal or oil. The flue gas temperature is 
controlled to provide the optimum economy and product 
quality, and may be as high as 2400 degrees F. or more. 

In some processes, especially those where indi- 
rect heat exchange is used, a high heat transfer rate can 

2 0 be obtained only if the flue gas exits the process at an 

elevated temperature. A considerable quantity of the 
enthalpy is thus wasted. At the same time, the resis- 
tance to heat transfer limits the throughput of the sys- 
tem. In chemical processes where the reactions must be 
25 carried out at temperatures considerably lower than the 
maximum flue gas temperature, a further limitation is 
placed upon the flue gas temperature which may be used. 

In the calcination conversion of gypsum dihy- 
drate, i.e. CaS04 • 2H2O, to hemihydrate calcium sulfate, 

3 0 CaS04 • I/2H2O, or to anhydrous calcium sulfate, CaS04, the 

hot flue gas may be introduced into the calcination 
kettle to directly heat the hydrate. In the generally 
preferred method, however, the heat exchange is conducted 
indirectly, and hot flue gas does not contact the solids 
35 at all. The water of hydration driven off from the 

solids is discharged from the kettle as a stream separate 
from the partially cooled flue gases. 

Calcination of gypsum to hemihydrate calcium 
sulfate occurs at temperatures somewhat greater than the 

4 0 normal boiling point of water. However, satisfying the 
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large theirmal requirement^ i.e. about 500,000 BTU per ton 
of calcium sulfate hemihydrate produced, necessitates 
rapid heat transfer to achieve the desired economy. Flue 
gases at temperatures as high as about 9 00-22 00 degrees F 
5 are used. Higher temperatures may result in deleterious 
"dead burning", i.e. the conversion of a portion of the 
gypsum to insoluble calcium sulfate anhydrite. In prac- 
tice, the temperature and solids residence time in the 
calcination vessel are controlled to achieve the desired 

10 water of hydration without "dead burning" any substantial 
amount of the calcium sulfate. 

Boiling in the calcination vessel typically 
produces fluidization of the solids. The mixing charac- 
teristics in the vessel may approach that of perfect 

15 mixing, resulting in nearly uniform temperatures through- 
out the vessel. The temperature difference across the 
heat exchange wall will drop as the hot vapor passes from 
the hot vapor inlet to the vapor outlet. As a result, 
only a portion of the available enthalpy in the hot 

2 0 vapors are extracted in the calcination vessel. The 

cooled vapor will be relatively hot, typically about 500- 
900 degrees F, as it leaves the vessel, and further heat 
recovery is required before discharge to avoid large heat 
losses. 



SUMMARY OF THE INVENTION 

3 0 The invention pertains to a thermal processor 

where heat is supplied by a hot vapor, e.g. flue gas, to 
heat particulate solids which are fed to the processor 
from a conveyor. The conveyor may be a screw conveyor, 
belt or chain conveyor, or a pneumatic conveyor. The 

3 5 conveyor must be closed so that pressurized vapors or 

gases may be conducted through it with minimal leakage. 

In its broad sense, the invention is an 
improvement in a thermal treatment process. In the 
process, a solid material is introduced into a closed 
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continuous conveyor to be transported to a thermal pro- 
cessor. In the processor, the solid material is 
subjected to heat transfer from a hot vapor or gas. The 
solid material is heated, and the hot vapor is cooled to 
5 an intermediate temperature. The improvement comprises 
directing a portion or all of the cooled vapor, at the 
intermediate temperature, to the conveyor. The cooled 
vapor contacts and preheats the solid material which is 
being transported through the conveyor, and the incoming 

10 solid material enters the thermal processor at an ele- 
vated temperature. The further cooled vapors are dis- 
charged to a subsequent process or to the atmosphere. In 
the preferred embodiment, the cooled vapor is pressurized 
to a slight overpressure for passage through the con- 

15 veyor. 

The preheating of the solids in accordance with 
this invention results in increased capacity of the 
thermal processing system, without the addition of con- 
ventional heat exchangers or thermal processing vessels. 

2 0 In addition, thermal energy which may otherwise be wasted 

is utilized. 

When the solids to be processed are particulate 
in nature, the hot vapors are preferably passed through 
the conveyor at a velocity which induces f luidization. 
25 The overall heat transfer rate is thus increased, and the 
heat is more uniformly transferred to all of the solid 
particles. The capacity of the system is increased. In 
addition, the mixing caused by f luidization results in 
greater homogeneity of particle size distribution. This 

3 0 effect is particularly pronounced in screw conveyors. A 

more uniform size distribution in the feed to the calcin- 
ing kettle produces a more uniform product. 

The invention is advantageously applied to a 
process for continuously calcining materials such as 
35 gypsum or lime materials. For example, the calcination 
of gypsum, i.e. calcium sulfate dihydrate, to calcium 
sulfate hemihydrate takes place with the loss of 1.5 
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moles of water of hydration per mole of gypsum. Present 
processes may discharge the flue gas from the calcination 
kettle at 800 degrees F or even higher temperatures, 
wasting a large quantity of heat to the atmosphere. The 
5 invention is most useful where the cooled flue gas enters 
the conveyor at a temperature of at least 500 ^'F. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram illustrating the 

invention; 

FIG. 2 is a flow diagram illustrating another 
15 embodiment of the invention; 

FIG. 3 is a flow diagram illustrating a further 
embodiment of the invention; 

FIG. 4 is a flow diagram illustrating a still 
further embodiment of the invention; and 

2 0 FIG. 5 is a flow diagram illustrating the 

invention in a continuous calcining process. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in the block diagram of FIG. 1, a 
solid material 10 in particulate form is passed through a 
gas barrier means 12 such as a rotary lock device, and 

3 0 then to the inlet end 13 of conveyor 14 as metered solid 

material 16. The solid material 16 is moved from the 
inlet end 13 to the outlet end 15 of the conveyor 14 and 
introduced into thermal processor 20. The solid material 
16 is subjected to indirect heat exchange in the pro- 

35 cesser 20 from a stream 22 of hot gas, and is heated and 
processed in accordance with the particular objective of 
the thermal process. 

The stream 22 of hot gas used in the thermal 
processor may be a stream from another process, or may be 

40 separately generated by combustion of a fuel such as 
coat, oil or natural gas. The hot gas will generally 
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contain some superheated water vapor. 

The thermal processor may be a dryer, kiln, 
calcining kettle, reactor vessel or other apparatus con- 
structed to heat a solid material 16 with the enthalpy of 
5 a hot gas 22. The heat exchange may be accomplished by 
direct contact between hot gas and solids, or alterna- 
tively by indirect heat exchange through a barrier 18 
separating the hot gas from the solids. FIG. 1 illus- 
trates the process wherein indirect heat exchange is 

10 utilized in the thermal processor 20. 

Processed solids 24 are discharged from the 
thermal processor 20. Water vapor, carbon dioxide or 
other gaseous or liquid constituent resulting from the 
treatment of the solid material 16 is discharged from the 

15 thermal processor as stream 26. In cases where the chem- 
ical process occurs without evolution of any such 
materials, there may be no stream 26. 

The stream 22 of hot gas, cooled to an inter- 
mediate temperature by passage through the thermal pro- 

20 cesser 20, exits the processor 20 as cooled gas stream 
28. If the pressure of cooled gas stream 28 is suffi- 
ciently high, a portion or all of the gas may be directed 
without further pressurization to the inlet end 13 of the 
conveyor 14. The gas passes cocurrently with solid 

25 material 16 through conveyor 14 as stream 32, and the 

combined stream is discharged through chute 34 into the 
theirmal processor 20. The stream 32 of gas, cooled but 
yet at an elevated intermediate temperature, preheats the 
solid material 16 in the conveyor 14 by convection and 

3 0 conduction to relieve the heating load applied to the 

thermal processor 20. The gas barrier means 12 ensures 
that most or all of the cooled gas stream 32 passes 
through the length of the conveyor. Preferably, the 
cooled gas stream 32 is introduced into the conveyor 14 

35 at a location upstream from the solids, so that the 

entire stream 16 of conveyed solids in the conveyor is 
contacted with the gases. 
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In a preferred form of the invention, the 
stream 32 of cooled gases is passed through the conveyor 
14 at a velocity which fluidizes the solid material 16. 
The solid particles are entrained in the turbulent gas 
5 flow to provide intimate contact therebetween. Such 
f luidization greatly increases the convective and 
conductive heat transfer rates and subjects the solid 
material 16 to a more uniform heating. 

It may be necessary to pressurize gas stream 28 

10 to achieve the desired fluidization and heat transfer in 
the conveyor 14. A fan or other pressurizing means 3 0 
compresses the stream 32 of cooled gases to produce a gas 
stream 3 6 at an elevated pressure, for example, 3 0 inches 
water coliimn above the pressure in the solids processing 

15 side 38 of the thermal processor, into which chute 34 
discharges. In the embodiment of FIG. 1, the required 
pressure of gas stream 3 6 will depend upon the velocity 
and pressure drop in, the conveyor 14 required to achieve 
the desired heat transfer and/ or fluidization. The pres- 

20 sure drop between the hot gas side 40 and the solids 

processing side 38 of the thermal processor equals the 
pressure drop across the conveyor 14 plus the fan-induced 
pressure rise, plus friction losses in the intervening 
conduits and any flow control devices. 

25 In some cases it may be desirable to direct 

only a portion of the stream 28 or 3 6 of cooled gas to 
the conveyor 14, Sidestream(s) 42 may be directed from 
the cooled gas stream, either before and/or after pres- 
surization, to other process steps or by discharge to the 

3 0 atmosphere. The sidestream portion 42 may be drawn off 
either before or after pressurization, but the former 
will generally result in a smaller required capacity of 
pressurization means 30. 

The increase in production throughput is depen- 

3 5 dent upon the particular thermodynamic and stoichiometric 
conditions, as well as the type and physical dimensions 
of the conveyor 14. In some applications, the net 
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increase in solids throughput may exceed 10-15 percent. 

Turning now to FIG. 2, another configuration of 
the invention is shown, in which a portion or all of the 
stream 44 of intermediate temperature cooled gas from 
5 the thermal processor 46 is passed through the conveyor 
48 in countercurrent flow with the flow of solids 60. In 
this case, the solids 60 are not to any substantial 
degree fluidized by the stream 44 of cooled gas. 

The process may be characterized as follows: 

10 Solid material 50 in conveyable form is passed through a 
gas barrier means 52 such as a rotary lock device and is 
then depicted as becoming stream 54 of solid material 
which is passed into the inlet end 56 of the conveyor 4 8 
to become a stream 60 of solids which is conveyed to the 

15 outlet end 58 of the conveyor 48. The stream 60 of 

solids is then discharged through chute 62 into the ther- 
mal processor 46. As in the embodiment of FIG. 1, the 
thermal processor 4 6 in this embodiment is constructed to 
provide substantial or complete separation of hot gas 22 

2 0 from the solids being thermally treated. This separation 

is represented by barrier 64 across which heat transfer 
from hot gas 22 in hot gas side 66 to solids 60 in solids 
processing side 68 occurs. Processed solids 70 exit the 
processor 46, as does a stream 72 of off gas, if any is 
25 generated. 

All or part of cooled gas stream 44 from the 
thermal processor 4 6 is pressurized, when necessary, by 
pressurizing means, e.g. a fan, and directed as pressur- 
ized cooled gas 74 to the outlet end 58 of conveyor 48. 

3 0 The gas 74 then is passed as pressurized heating gas 

stream 76 in countercurrent contacting flow with solids 
stream 60 and discharged from the inlet end 5 6 of the 
conveyor 48 as stream 78 of further cooled gas. In gen- 
eral, this embodiment is most useful where the solids are 
3 5 essentially non-f luidizing at the gas velocities in the 
conveyor. In applications where a significant quantity 
of the solids 60 is entrained by the gas stream 76 and 
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exit in the further cooled gas stream 78, a solids/gas 
separator such as an ordinary cyclone separator, not 
shown, may be used to 

recover the solids from the gas stream 78 for recycling 
5 into the thermal processor for example. 

In applications where a portion of the solids 
60 in the conveyor may be entrained in the cooled gas 44, 
it may be desirable to reduce the velocity of gas 76 in 
the conveyor to a level where entrainment is avoided or 

10 minimized. The velocity may be reduced by drawing off a 
portion 80 of the cooled gas 44 prior to pressurization 
or a portion 82 of the cooled pressurized gas 74. The 
gas 80 and/or 82 which is drawn off may be used for other 
purposes or discharged to the atmosphere. 

1^ FIGS, 3 and 4 depict the application of the 

invention to situations where the thermal processor is 
operated with direct contact heat exchange between hot 
gas and solids. An exemplary process is the conversion 
of limestone, i.e. CaCOg to quicklime, i.e. CaO, in which 

20 CO2 is evolved. 

As shown in FIG. 3, a solid material 9 0 is 
passed through a gas barrier means 92 such as a rotary 
lock device, and then to the inlet end 94 of closed con- 
veyor 96 as metered solid material 98. Solid material 98 

25 entering the conveyor is transported and preheated as 

conveyed solids stream 106 to the outlet end 100 of the 
conveyor and discharged through chute 102 into the ther- 
mal processor 104. Following treatment in the thermal 
processor 104, the solid material is discharged as pro- 

3 0 cessed solids 108. 

In this mode of operation, it is desirable to 
limit the quantity of gas passing with the solids from 
the conveyor 96 to the thermal processor 104, or vice 
versa. Means known in the art for limiting such flow may 

35 be used. 

A stream 110 of hot gas is introduced into the 
thermal processor 104 for direct contact heat exchange 
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with the solid material undergoing thermal processing. 
The hot gas is cooled in the process to an intermediate 
temperature and exits the thejrmal processor 104 as cooled 
gas stream 112 • If the pressure of this stream is suffi- 
5 cient to achieve the desired velocity of gas 114 in the 
conveyor 96, gas stream 112 may be directly introduced 
into the inlet end 94 for cocurrent passage with the 
stream 106 of solid material, which it preheats. The 
excess portion 116 of gas stream 112 is then drawn off 

10 for use elsewhere in the plant or is discharged to the 
atmosphere, for example. 

If the pressure of cooled gas stream 112 is 
insufficient to achieve the desired velocity in the con- 
veyor 96, a portion or all of the cooled gas stream 112 

15 may be compressed with a pressurizing means 118 such as a 
fan to produce a pressurized cooled gas stream 12 0. A 
portion of the cooled gas stream 112 or pressurized 
cooled gas stream 12 0 may be drawn off as the excess 
portion 116 of the process gas. 

20 Concurrent passage of solids stream 106 and gas 

stream 114 through the conveyor 96 results in transfer of 
enthalpy from the gas to the solids to preheat the sol- 
ids. The further cooled gas leaves the outlet end 100 of 
the conveyor 96, either to enter the thermal processor 

25 104 as a recycle stream with the conveyed solids 106, or 
in a separate stream 122 to be used elsewhere or dis- 
charged to the atmosphere, for example. The latter is 
preferred in order to maintain the temperature of the 
cooled gas 112 as high as possible. A separation means, 

3 0 not shown, may be used to recover entrained solids from 
the gas stream 122 and return them to the thermal pro- 
cessor 96. The separation means may be a centrifugal 
separator or other solids-gas separation device known in 
the art. 

3 5 FIG. 4 shows the invention applied in the 

counter current mode to a system having a thermal pro- 
cessor 13 0 with direct contact heat exchange between gas 
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and solids - 

Solid material 13 2 to be treated is passed 
through a gas barrier means 134 as previously described, 
and introduced into the inlet end 140 of a closed con- 
5 veyor 13 6 as solids stream 138 • The solids are trans- 
ported in conveyed solids stream 142 to the outlet end 
144 of the conveyor 13 6, and discharged via chute or 
other closed solids conducting means 146 to the thermal 
processor 130. Following processing at an elevated tem- 

10 perature in the thermal processor 130, the stream 148 of 
processed solid material is discharged, 

Hot gas stream 15 0 is introduced into the ther- 
mal processor 13 0 for heating by direct contact heat 
exchange the solids stream 142 passing therethrough. The 

15 gas stream 150 is cooled to an intermediate temperature 
by this passage, and is thereafter passed from the ther- 
mal processor as cooled gas stream 152 . If its pressure 
is sufficient to achieve the desired velocity in the 
conveyor 13 6, a portion or all of the cooled gas stream 

20 152 is passed directly to the outlet end 144 of the 

conveyor 13 6. Alternatively, it may be passed to a pres- 
surizing means 154 such as a fan for pressurization 
before introduction into the conveyor as pressurized 
cooled gas stream 156. This stream of gas passes through 

25 the conveyor 136 as conveyed gas stream 138 in a direc- 
tion countercurrent to the solids stream 142, and is 
discharged from the inlet end 140 of the conveyor 13 6 as 
further cooled gas stream 158. Stream 158 may be used in 
another process, not indicated, or may be discharged to 

3 0 the atmosphere., A portion of the cooled gas stream 152 
may be drawn of f as a gas sidestream 162 and/or a pres- 
surized gas sidestream 164. Stream 162 and/or 164 may be 
used in another process or discharged to the atmosphere. 

The invention may be applied to any closed 

35 stationary conveying means which transports solids from 
one location to a thermal processing means heated by a 
hot gas. By "closed" is meant that a hot gas can be 
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passed in confined flow through the apparatus in intimate 
contact with the solids, without substantial leakage to 
the atmosphere. The preferred conveyor is an enclosed 
helical screw conveyor such as is well known in the art. 
5 Alternatively, the invention may be used with enclosed 

belt or chain conveyors, or other such enclosed conveyors 
of the art. Pneumatic conveyors may be utilized. In 
this case, the hot gas is the conveying medium, and is 
passed at the required high velocity to keep the solid 

10 particles suspended in the gas* 

An application of the invention to a calcining 
process is illustrated in FIG. 5. In this Figure, raw 
gypsum 17 0 is introduced into hopper 172 which feeds 
rotary lock 174. Backflow of gas is thus substantially 

15 avoided. The gypsum 170 passes through conduit 17 6 into 
an enclosed helical screw conveyor 178 powered by motor 
180. The conveyed stream 182 of raw gypsum is trans- 
ported upwardly to the outlet end 184 of the conveyor, 
and discharged via chute 186 into a calcination kettle 

2 0 188 wherein thermal processing takes place. A portion of 

the water of hydration is driven off at the elevated 
temperature in the kettle 188, and is discharged as water 
vapor stream 190. The kettle temperature and residence 
time are closely controlled so that the product stream 
25 192 discharged from the kettle is essentially pure hemi- 
hydrate calcium sulfate, i.e. no or very little anhydrite 
calcium sulfate is formed. 

The evolution of water vapor in the kettle 
results in vigorous fluidization of the solids, and a 

3 0 well-mixed flow regime is maintained, 

A hot flue gas 194 is produced in a furnace 196 
by fuel combustion and passed into enclosed heat transfer 
surfaces 198 within the kettle 188. Thermal energy is 
transferred indirectly across the heat transfer surfaces 
35 to the fluidized solids, to heat the solids and water 

vapor. The cooled gas stream 200 leaves the kettle 188 at 
an intermediate temperature, and all or a portion of the 
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stream 2 00 is conducted to fan 202 which pressurizes the 
cooled gas to form a pressurized cooled gas stream 2 04. 
This stream is conducted to the inlet end 206 of conveyor 
178, where it is passed through the conveyor 178 as 
5 fluidizing gas stream 208 in a direction cocurrent with 
the solids stream 182. 

A portion of cooled gas stream 2 00 may be 
diverted as stream 210 to reduce the gas velocity in the 
conveyor 178* In addition, a sidestream 212 of pres- 

10 surized cooled gas 204 may be directed to the hot flue 
gas stream 194. In addition, or alternatively, a side- 
stream 214 of hot flue gas 194 may be directed to the 
cooled gas stream 200. In the first case, the temper- 
ature of the hot gas 194 in the kettle will be reduced. 

15 In the second case, the temperature of the cooled gas 2 04 
passing to the conveyor 178 will be increased. Thus, the 
temperatures in both the conveyor and calcination kettle 
may be readily controlled. Dampers 216 or other flow 
control means may be used to regulate the flows of gas 

20 for controlling the temperatures and f luidization. If 

necessary, a portion 218 of cooled gas stream 204 may be 
diverted to another use or vented to the atmosphere. 

The screw conveyor is particularly advan- 
tageously used with this invention. In this type of 

25 conveyor, the solid particles are turned over by the 

screw motion, continually exposing new solids particles 
to the moving gas flow. In addition, the constricted 
helical flow path of the gas increases its velocity to 
enhance f luidization of the solids. The result is a 

3 0 fluidized particle stream having enhanced homogeneity 
with respect to particle size distribution. Also, the 
rate of heat transfer is particularly increased when the 
gas velocity is sufficient to fluidize the solids. 



35 



EXAMPLE : 

In a production scale calcining process repre- 
sented by FIG. 5, raw gypsum containing 6 percent free 
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moisture was calcined to calcium sulfate hemihydrate in a 
standard calcination kettle 188. Thermal energy was sup- 
plied by indirect heat transfer from a hot gas 194 pro- 
duced by combusting natural gas in the presence of air. 
5 The hot gas temperature entering the calcination kettle 
was about 2100 degrees F, and the cooled gas 200 leaving 
the kettle had a temperature of 812 degrees F. In the 
standard configuration, the cooled gas was discharged to 
another process for recovery of a portion of its 
10 enthalpy. 

The calcination kettle was fed by a standard 12 
inch diameter helical screw conveyor 178 having a total 
solids travel length of 20 feet and having a conveyor 
housing of 13 inches inside diameter. The screw was 
15 operated at a speed of about 70 rpm. 

The conveyor was fed from a hopper 172 by a 
feeding device which included a rotary lock 174 to meter 
the raw gypsum 17 0 into the conveyor and prevent vapors 
and gases from backing up into the hopper. The gypsum 

2 0 was metered into the calcination kettle 188 at a rate 

which resulted in a hemihydrate product temperature of 
32 0 degrees F. At this outlet temperature, the product 
is nearly pure hemihydrate, very little of the gypsum 
having been "burned" to the anhydrite form. The water 
25 vapor from calcination was discharged from the kettle at 
about 3 00 degrees F. 

In the control mode, the production rate of 
calcium sulfate hemihydrate was 16.9 tons per hour. 

The calcination system was modified so that 

3 0 cooled gas 200 from the calcination kettle 188 could 

alternatively be passed to a fan 202 for pressurization 
to about 3 0 inches of water and then directed to the 
inlet end 206 of the screw conveyor 178 for cocurrent 
fluidizing transport with the particulate gypsum. 
35 In the test mode, the solids residence time in 

the fluidized screw conveyor was calculated to be 2 0 
seconds, and in the calcination kettle, about 1.5 hours. 
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The cooled gas was passed through the conveyor at a 
velocity of about 5500 feet per minute. The temperature 
rise of the solids from conveyor inlet to outlet was 
about 50 degrees F. 
5 In the test mode, using the present invention, 

the production rate was 24.0 tons per hour, a substantial 
increase of 12*4 percent over the control mode. 

Reference herein to details of the illustrated 
embodiments of the invention is not intended to restrict 
10 the scope of the appended claims which themselves recite 
the features regarded as important to the invention. 
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CLAIMS 

What is claimed is: 

1. A process for continuous calcination of a 
particulate hydrate material^ comprising: 
5 introducing a continuous stream of particulate hydrate 

material into an enclosed conveyor; 
conveying said stream of particulate hydrate material to 

a calcination vessel wherein said material is 

calcined by heat exchange with hot vapors to 
10 form a calcined particulate material having 

reduced water of hydration and a stream of 

water vapor; 

passing a stream of hot vapors into said calcination 
vessel to heat and calcine said particulate 
15 material, wherein said hot vapors are therein 

cooled to an intermediate temperature; 

compressing a portion or all of the cooled vapors to an 
elevated pressure; 

directing a portion or all of the pressurized cooled 

2 0 vapors to said conveyor for passage 

therethrough, wherein said pressurized cooled 
vapors contact and preheat said introduced 
stream of material, and said pressurized cooled 
vapors are further cooled; and 
25 discharging said calcined particulate material, 

2. The process of Claim 1, wherein said 
cooled vapors contact, preheat and fluidize said 
particulate material in said passage through said 

3 0 conveyor. 

3, The process of Claim 1, wherein said 
passage of pressurized cooled vapors through said 
conveyor is in a direction cocurrent with said 

3 5 particulate material. 



4. The process of Claim 3, comprising the 
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5 



further steps of: 

directing said further cooled vapors from said conveyor 
to said stream of water vapor; and 

discharging said mixed stream of water vapor and cooled 
vapors to the atmosphere or a further process. 



5. 



The process of Claim 3, wherein said 



particulate material is heated and calcined in said 
calcination vessel by indirect heat exchange with said 
10 stream of hot vapors, and said further cooled vapors from 
said conveyor are combined with said stream of water 
vapor above the upper surface of particulate material in 
said calcination vessel. 

15 6. The process of Claim 1, wherein said 

passage of pressurized cooled vapors through said 
conveyor is in a direction counter-current with said 
particulate material • 

20 7, The process of Claim 6, comprising the 

further steps of : 

discharging said fxirther cooled vapors to the atmosphere 



or a further process ; and 
separately discharging said stream of water vapor. 



25 



8. The improvement of Claim 1, wherein said 
hot vapor is a flue gas from a combuster. 



30 



9. The improvement of Claim 1, wherein said 
hot vapor contains superheated water vapor. 



10. The improvement of Claim 1, wherein said 
conveyor is an enclosed screw conveyor. 



35 



11. The improvement of Claim 1, wherein said 
conveyor is an enclosed belt conveyor. 
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12. The improvement of Claim 1, wherein said 
conveyor is a pneumatic conveyer* 

13 . The process of Claim 12 , wherein said 

5 conveyor is a pneumatic conveyor and said cooled vapors 
pass through said pneumatic conveyor at a velocity to 
fluidize, entrain and convey said particulate hydrate 
material therethrough to said thermal processor* 

10 14* A process for continuous calcination of a 

hydrate particulate material, comprising: 
introducing a continuous stream of particulate hydrate 

material into an enclosed conveyor; 
conveying said stream of particulate hydrate material 
15 through said enclosed conveyor to a calcination 

vessel for passage therethrough; 
passing a stream of hot vapors through said calcination 

vessel to contact, heat and calcine with direct 
heat exchange said hydrate material to a 
2 0 material with reduced water of hydration 

wherein water of hydration is removed as a 
stream of water vapor and said hot vapors are 
cooled to an intermediate temperature, and 
mixed with said stream of water vapor; 
25 compressing a portion or all of said mixed stream of 

water vapor and said cooled vapors to an 
elevated pressure; 
directing a portion or all of said compressed mixed 

stream of water vapor and said cooled vapors to 
30 said conveyor for passage therethrough, wherein 

said compressed mixed stream contacts and 
preheats said stream of particulate hydrate 
material being conveyed, and said compressed 
mixed stream is further cooled thereby; 
35 discharging said further cooled mixed stream of water 

vapor and cooled vapors; and 
discharging a material with reduced water of hydration. 
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15. The process of Claim 14, wherein said 
cooled vapors contact, preheat and fluidize said 
particulate hydrate material in said passage through said 
conveyor . 

5 

16 • The process of Claim 14, wherein said 
passage of said compressed cooled vapors through said 
conveyor is in a direction cocurrent with said 
particulate hydrate material. 

10 

17 . The process of Claim 14 , wherein said 
particulate hydrate material comprises gypsum, 

18. The process of Claim 18, wherein said 
15 particulate hydrate material comprising gypsum is 

calcined to hemihydrate calcixim sulfate. 
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Fig. 4 



wo 92/00252 



PCr/US91/04396 



3/3 




Fig. 5 



INTERNATIONAL SEARCH REPORT 

International Aoot.catron No. PCT/US91 /0A396 
I. CLASSIFICATION OF SUBJE CT MATTER (ff severar c!assir"ic2t-on svnncois aopw. noicare ait) ♦ 
Acc2?c -3 ;o mrernatmnai Patent Classification (IPC) or to ootn National Classification and IPC 

US CL: 423/171,555, 659, D19EST 16;34186 

TVr. 5: rOAH 11/02. coif 11/46.F26B 23/02 

I FIELDS SEARCHED 

Minimum Documentation Seafcnea ^ 
C 2S3 ' '.z' 5fS:5'^ C:asS(r'iC3iion Symoots 

423/1 70, 171,1 72, 555, DIGEST6 , DIGESTl 6 
L-.S. 203/26, 34/15,86 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included m the Fields Searched * 



III DOCUMENTS CONSIOCRED TO SI RELIVANT < 



Category * ! Ctation of Document. " with indication, where aporopnate. of the relevant passages 



Relevant to Claim No. ^3 



X 



X 

X 
Y 



U.S,A, 2,529,366, BAUER, 7 NOVEMBER 1950. NOTE 
FIGURES 1 AND 4, COLUMN 2, LINES 35-40. 

U.S,A, 2,170,745, BRUSH, 22 AUGUST 1939. NOTE PAGE 
2, COLUMN 1, LINES 14-49, FIGURE 1, ITEMS 15, 17 

U.S. A, 2,436,157, WESTLING, 17 FEBRUARY 1948, NOTE 
FIGURE 1, ITEMS 16,66, COLUMN 10 LINE 60 - COLUMN 
10, LINE 60 -COLUMN 11, LINE 16 

U.S,A, 2,974,939, LANDRIEU, 14 MARCH 1961, NOTE 
FIGURE 2, ITEMS 17,18, COLUMN 2, LINES 30-44,65-70 

U.S. A, 4,247,518, CHARLET ET AL. , 27 JANUARY 1981, 
NOTE COLUMN 2, LINES 16-35, FIGURE 



1-A,8,9, 
12-15,17,18 

1,3,4,6-9,11 
14,17,18 

1,2,4,6-10 
14,15,17,18 



1-5,8-10 
1-18 



* Special cattooftM of eit«d documents: 

"A- documont doflnmg tho gonoral «tat* of tho art which ii not 

considorod to bo of parttcutar rolovanca 
"E** aatiior documont but publishod on or attar tha intamaiional 

filing data 

"L" documant which may throw doubts on priority ctaim<s) or 
whtch IS citad to astabliah tna publicatton data of anothar 
citation or othar apaciai raaaon (aa spaciftad) 

"O" documant rafarrmg to an oral diaeloaura. usa, axhibiKon or 
otftar maans 

^'P" documant publiaha^ prior to tha intamational filing data but 
latar than tha priority data ctaimad 



"T** tatar documant pubiishad attar tha intamational filing data 
or priority data and not tn conflict with tha application out 
cttad to undarttand tha principla or thaory undartytng tha 
invention 

•X- documant of particular ralavaneai tha claimad '"^n**®" 
cannot ba conaidarad no¥a* or cannot ba conaidarao to 
involva an invantiva stap 

"Y" documant of particular ralavanca: tha claimad invantton 
cannot ba conaidarad to invdva an invantiva stap whan tha 
document la combined with one or more other such docu- 
ments, auCh eombtnation being obvioua to a parson skilled 
m the art. 

"A"* document member of tha sama oatam family 



IV. cmnwcATioN 



Oau of the Actual Completion of the International Search 

25 SEPTEMBER 1991 



Data of Mailing of this ln« 



22 



Search Report 



International Searching Authority 



ISA/US 



±2. 



FomPcmAaieo 



l<Aa«.ll-«7) 



International AoQitcation No. 



PCT/US91/04396 



ML DOCUMENTS CONSIOCKEO TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category • C»tatton of Document a^-i^ maicnnon ^nere aooroDnate ot -->e -e'evani oassages Seievant to Claim No 



U.S,A, 3,865,602, STICK ET AL. 11 FEBRUARY 1975 
NOTE FIGURE, CLAIM 1 



1-4,6-9,12,14, 
15,17,18 



X 



U.S. A, 3,312,455, CHASSEVENT ET AL. , 04 APRIL 1967, 1-4,6-9,14, 



NOTE COLUMN 2 LINES 25-61 



16-18 



U.S,A, 4,076,796, REH ET AL, 28 FEBRUARY 1978, NOTE 1,2,6-9,12-15 
FIGURE 2 ITEMS 11,12,15, COLUMN 11, LINES 21-33 



X 



X 



U.S,A, 3,266,788, JUKKOLA, 16 AUGUST 1966, NOTE 
COLUMN 2, LINES 19-46 



1,2,6-9,12-15 



U-S,A, 3,716,095, RITZ MAWN ET AL, 13 FEBRUARY 1973 il, 6-9, 12-15 
! NOTE COLUMN 2 LINE 2, COLUMN 3, LINE 5 | 



X ' U.S. A, 624,709, VAN HOOK, 9 MAY 1989, NOTE PAGE 2 11-5,7,8.12-13 

; LINES 66-95 j 

X i U.S.A, 3,607,045, WHEELOCK ET AL, 21 SEPTEMBER 1971,11,2,6-9,12-15 

; NOTE COLUMN 3, LINES 14-25, COLUMN 4, LINES 7-35 |17,18 



Pom PCTMASie MmMM (MuMI-f) 



